In this paper, we propose a viable approach to realise two texture-zeros in the scotogenic model with flavor dependent U (1) B−2Lα−L β gauge symmetry. These models are extended by two righthanded singlets N Ri and two inert scalar doublets η i , which are odd under the dark Z 2 symmetry.
I. INTRODUCTION
It is well known that the Standard Model (SM) needs extensions to accommodate two missing spices: the tiny but no-zero neutrino masses and the cosmological dark matter (DM) candidates. One way of incorporating above two issues in a unified framework is the scotogenic model [1] [2] [3] , where neutrinos are radiatively generated and the DM fields serves as intermediate messengers propagating inside the loop diagram. With all new particles around TeV scale, the scotogenic model leads to testable phenomenologies . Therefore, viable models are extensively studies in recent years [26] .
On the other hand, the understanding of the leptonic flavor structure is still one of the major open questions in particle physics. The consensus is that the leptonic mass texture is tightly restricted under the present experimental data. An attractive approach is to consider two texture-zeros in neutrino mass matrix (M ν ) so that the number of parameters in the Lagrangian is reduced [27] . The phenomenological analysis of two texture-zeros models have been studied in Ref. [28, 29] . Among fifteen logically patterns, seven of them are compatible to the low-energy experimental data.
On the theoretical side, the simplest way of realizing texture-zeros is to impose the discrete Z N flavor symmetry [30] . However, it might be more appealing to adopt gauge symmetries instead of discrete ones, because the latter may be treated as the residual of U (1) gauge symmetry. It is noted that one can not set any restriction on lepton mass matrix by means of fields with flavor universal charges. Thus the flavor dependent U (1) gauge symmetry is the reasonable choice. Along this thought of idea, specific models are considered in the context of seesaw mechanisms. In Ref. [31] , the two texture-zeros are realized based on the anomaly-free U (1) X gauge symmetry with X ≡ B − x α L α (α = e, µ, τ ) being the linear combination of baryon number B and the lepton numbers L α per family. In Ref. [32] , more solutions are found in the type-I and/or III seesaw framework.
It is then natural to ask if predictive texture-zeros in M ν can be realized in the scotogenic scenario and several attempts have been made in this direction. For example, one texture-zero is recently considered in Ref. [33] . Texture B 1 -B 4 have been discussed in a model-independent way in Ref. [34] . Texture C is obtained by introducing U (1) Lµ−Lτ gauge symmetry [35] [36] [37] [38] . Texture B 2 is realised with U (1) Le+Lµ−Lτ gauge symmetry in Ref. [39] . If the quark flavor is also flavor dependent, e.g., U (1) xB 3 −xLe−Lµ+Lτ , then one can further interpret the R K anomaly with texture A 1 [40] . Other viable two texture-zeros are systematically realised in Ref. [41] by considering the U (1) B−2Lα−L β gauge symmetry with three right-handed singlets. In this paper, we provide another viable approach. Under same flavor dependent U (1) B−2Lα−L β gauge symmetry, we introduce only two right-handed singlets but two inert scalars, leading to different texture-zeros. In aspect of predicted phenomenology, the texture B 1 considered in Ref. [ 
Radiative neutrino mass at one-loop. Left pattern is for classic scotogenic model, while right pattern is the additional contribution in our models.
allowed by current Planck result for m i < 0.12 eV [42] , we thus consider texture A 1 with latest neutrino oscillation data [43] as the benchmark model. In this case, the gauge symmetry is U (1) B−2Le−Lτ in our approach.
The rest of this paper is organised as follows. Start with classic scotogenic model in Sec. II, we first discuss the realization of texture-zeros in scotogenic model with U (1) B−2Lα−L β gauge symmetry in a general approach. Then the texture A 1 derived from U (1) B−2Le−Lτ is explained in detail. The corresponding phenomenological predictions, such as neutrino mixing parameters, lepton flavor violation rate, dark matter and highlights of collider signatures are presented in Sec. III. Finally, conclusions are summarised in Sec. IV.
II. THE MODEL SETUP
A. Classic scotogenic model
In the classic scotogenic model proposed by Ma [1] , three right-handed fermion singlets N Ri (i = 1 ∼ 3) and an inert scalar doublet field η = (η + , η 0 ) are added to the SM. In addition, a discrete Z 2 symmetry is imposed for the new fields in order to forbid the tree-level neutrino Yukawa interaction and stabilize the DM candidate. The relevant interactions for neutrino masses generation are given by
The mass matrix M N can be diagonalized by an unitary matrix V satisfying Due to the Z 2 symmetry, the neutrino masses are generated at one-loop level, as show in left pattern of Fig. 1 . The neutrino mass matrix can be computed exactly, i.e.
where m R and m I are the masses of √ 2 η 0 and
The neutrino mass matrix M ν is diagonalized as
where U PMNS is the neutrino mixing matrix denoted as 
Here, we define c ij = cos θ ij and s ij = sin θ ij (ij = 12, 23, 13) for short, δ is the Dirac phase and ρ, σ are the two Majorana phases as in Ref. [28] .
B. Two texture-zeros in scotogenic model
In this section, we demonstrate a class of scotogenic models with
symmetry where two texture-zero structures in M ν are successfully realized. The particle content and
Let us now discuss the scotogenic realizations of two texture-zeros in M ν . With two N R components, h and M N are 3×2 and 2×2 matrices respectively. From Eq.(4), it is clear that the texture-zeros of M ν can be attributed to the texture-zeros in h and M N matrices. In the original scotogenic model with an inert scalar doublet η and two N R fields, the charge assignments for U (1) B−2Lα−L β gauge symmetry give rise to only two Yukawa terms for h αi L αη N Ri (α = e, µ, τ, i = 1, 2). In this case, at least two texture-zeros are placed in the same line of h matrix, being therefore excluded experimentally. In order to accommodate the realistic neutrino mixing data, the scotogenic model are extended where, in scalar sector, two inert doublet η 1 and η 2 are introduced (see Tab. I). In addition, two scalar singlet S 1 and S 2 are added so that U (1) B−2Lα−L β symmetry is spontaneously breaking after S 1,2 get the vacuum expectation value (VEV)
Note that N Ri and η i are odd under the discrete Z 2 symmetry. Since we have two inert scalars, the relevant scalar interactions for the loop-induced neutrino masses is given by
where Λ is a new high energy scale and the first term is a dimension-five operator guaranteed by the accidental U (1) B−2Lα−L β symmetry. One can achieve the effective operator by simply adding a new scalar
In the following analysis, we adopt the expression of effective operator in Eq. (8) and do not consider its specific realization in detail.
The neutrinos acquire their tiny masses radiatively though the one-loop diagram depicted in Fig. 1 . Therefore, the neutrino mass matrix is formulated by two different contribution, namely,
where h and f are the Yukawa coupling texture for L αη1 N Ri and L αη2 N Ri with further assumption Λ = S 1 and λ = λ . As a case study, we consider the U (1) B−2Le−Lτ gauge symmetry under which the flavor dependent Yukawa interaction is given by
where from the charge assignment, the texture of fermion Yukawa coupling are
Provided all the element in M N to be equal, then from the texture structure in Eq. (11) and using Eq. (9) we have the M ν as
which is texture A 1 allowed by experimental data [28, 29] . Other possible realizations with U ( In the mass eigenstate of heavy Majorana fermion N i , the corresponding Yukawa couplings with leptons are easily obtained by
For the Z 2 -even scalars, the CP-even scalars in weak-basis ( The flavor dependent U (1) B−2Le−Lτ symmetry leads to texture A 1 [28, 29] . Since (M ν ) ee = 0, the predicted effective Majorana neutrino mass m ee is exactly zero for the neutrinoless double-beta decay.
Therefore, only normal hierarchy is allowed [45, 46] . Following the procedure in Ref. [28] , we now update the predictions of neutrino oscillation data with latest global analysis results [43] .
In Fig. 2 , we show the scanning results of texture A 1 . It is worth to note that the best fit value of neutrino oscillation parameters by global analysis [43] is only marginally consistent with predictions of texture A 1 , which is clearly seen in Fig. 2 (a) . From Fig. 2 (b) , we obtain that m 1 ∼ 0.007 eV, m 2 ∼ 0. observed neutrino oscillation data by requiring
:
0.745 : 0.933 : 0.401.
Hence, we can take h µ1 as free parameters and determine the other three Yukawa coupling by using above ratios. The overall neutrino mass scale is then determined by λv 2 M N h 2 µ1 /(32π 2 m 2 0 ) ≈ 0.0293 eV.
B. Lepton Flavor Violation
The new Yukawa interactions of the formLηN R will contribute to lepton flavor violation (LFV) processes [47, 48] . In this work, we take the radiative decay i → j γ for illustration. With flavor dependent
2 ) will only induce τ → µγ(τ → eγ) at one-loop level. It is worth to note that the most stringent µ → eγ decay is missing at one-loop level. Hence, if the ongoing experiments observe τ → µγ and τ → eγ but no µ → eγ, this model will be favored. The corresponding branching ratios are calculated as where the loop function F (x) is
In the limit for degenerate M N , we have
where in the last step, we have considered the fact that V is an unitary matrix. Therefore, large cancellations between the contribution of two N i are also possible even in the case of non-degenerate M N . In Fig. 3, we show the predictions for τ → µγ and τ → eγ. Although constraint on BR(τ → eγ) is slightly more stringent than BR(τ → µγ), the predicted BR(τ → eγ) is much smaller than BR(τ → µγ). It is clear that the current bound is quite loose, e.g., M η 200 GeV with h µ1 = 1 can be allowed.
Although the Yukawa interactionL µη1 N i can not induce µ → eγ at one-loop, it does contribute to muon anomalous magnetic moment [51] 
Comparing with BR(τ → γ), there is no cancellations between the contribution of two N i . However, the total contribution to ∆a µ is negative, while the observed discrepancy ∆a µ = a EXP µ − a SM µ = (261 ± 78) × 10 −11 is positive [52] . Thus, the Yukawa interactionL µη1 N R1 can not explain the (g − 2) µ anomaly, and some other new physics is required [51] . On the other hand, since a too large negative contribution to ∆a µ is not favored, we consider theoretical |∆a µ | < 10 −10 in the following. The results are shown in Fig. 4 . We find that the bound from |∆a µ | < 10 −10 is actually slightly more stringent than BR(τ → µγ). 
C. Dark Matter
In this work, we consider N 1 is the DM candidate. In the original scotogenic model [1] , the viable annihilation channel is N 1 N 1 → + − ,νν via the Yukawa interactionL ηN 1 [53] . However, such annihilation channel is tightly constrained by non-observation of LFV [54] . Thanks to relative loose constraints from τ decays, the scanning results of Ref. [54] suggested that N 1 should have a large coupling to L τ . Thus, the dominant annihilation channel is τ + τ − andν τ ν τ with M N 1 3 TeV.
Quite different from the original scotogenic model [1] , the LFV process is either vanishing or suppressed in this flavor dependent model. Therefore, O(1) Yukawa coupling can be easily realised without tuning.
In the following quantitative investigation, we consider a special scenario, i.e., M η 1 = M η 2 = M η for simplicity. For vanishing lepton masses, the Yukawa-portal annihilation cross section is [53, 55] σv rel = a + bv
where v rel is the relative speed, h and f are defined in Eq. (13), r = M 2
). The thermally averaged cross section is calculated as σv rel = a + 6b/x f , where the freeze-out parameter
is obtained by numerically solving The relic density is then calculated as [56] Ωh 2 = 1.07 × 10 9 GeV
where M Pl = 1.22 × 10 19 GeV is the Planck mass, g * is the number of relativistic degrees of freedom. The numerical results are depicted in Fig 5. Provided the mass of the DM candidate is M N 1 = 200 GeV, then the observed relic density is interpreted by h µ1 = 1, M η = 366 GeV or h µ1 = 1.5, M η = 640 GeV. That is to say, h µ1 ∼ O(1) is required to obtain correct relic density, and the larger h µ1 is, the larger the mass
In addition to the Yukawa-portal interaction, N 1 can also annihilate via the Higgs-portal and Z -portal interactions [57] [58] [59] [60] [61] [62] [63] . In these two scenarios, M N 1 M h,H /2 or M Z /2 are usually required to realize correct relic density [64] . If the additional scalar singlet scalar H is lighter than N 1 , then the annihilation channel N 1 N 1 → HH with H → bb is able to explain the Fermi-LAT gamma-ray excess at the Galactic center [65, 66] .
The spin-independent DM-nucleon scattering cross section is dominantly mediated by scalar interactions, which is given by where M p is the proton mass and the hadronic matrix element f p reads
and the effective vertex
Here, y N 1 = y 11 V 2 11 is the effective Yukawa coupling of N 1 with S 1 . For proton, the parameters f [67] . Fig. 6 shows the numerical results for direct detection. It is obvious that the predicted σ SI with sin α = 0.1 lies below current XENON1T limit, but the range of M N 1 70 GeV is within future LZ's reach. However, if no direct detection signal is observed by LZ, then sin α 0.02 should be satisfied.
In Fig. 7 , we show the combined results from LFV, |∆a µ |, relic density and LHC search. In left pattern of Fig. 7 , it indicates that for M N 1 = 200 GeV, the only exclusion region is from LHC search. Hence, either M η 300 GeV with h µ1 0.9 or M η 500 GeV with h µ1 1.3 is required. In right pattern of Fig. 7 , two benchmark value h µ1 = 1.0, 1.5 are chosen to illustrate. For h µ1 = 1.0, we have 250 GeV M N 1 M η ∼ 400 GeV. Therefore, the only viable region is M N 1 ∼ M η 400 GeV for h µ1 1. Meanwhile for
GeV with M η 520 GeV is able to escape LHC limit. 
D. Collider Signature
In this part, we highlight some interesting collider signatures. Begin with the newly discovered 125 GeV Higgs boson h [72, 73] . The existence of massless Mojoron J will induce the invisible decay of SM Higgs via h → JJ [74] . The corresponding decay width is evaluated as
Then, the branching ratio of invisible decay is BR(
where Γ SM = 4.09 MeV [75] . Currently, the combined direct and indirect observational limit on invisible
Higgs decay is BR(h → JJ) < 0.24 [76] . Typically for sin α = 0.1, v S = 10 TeV, we have BR(h → JJ) = 4.8 × 10 −4 , which is far below current limit. Meanwhile, if M H 1 < 2M h , then h → H 1 H 1 with H 1 → JJ will also contribute to invisible Higgs decay [77] .
In this paper, we consider the high mass scenario M H 1 > M h . In addition to the usual H 1 → SM final states as real singlet model [78] , the heavy scalar singlet can also decay into Majoron pair H 1 → JJ and DM pair H 1 → N 1 N 1 . Fig. 8 shows the dominant decay branching ratios of H 1 . The invisible BR(H 1 → JJ) is less than 0.02 when sin α = 0.1, therefore H 1 appears as a SM heavy Higgs with channel of H 1 is via gluon fusion at LHC, which can be estimated as
where σ(gg → h) is the SM Higgs production cross section but calculated with M h = M H 1 . At present, sin α ∼ 0.1 [79] leads to the promising signatures as
hh → 2b2γ [82, 83] , etc. In the future, if no DM direct detection signal is observed, then the signature of heavy scalar H 1 will be much suppressed by tiny value of sin α.
Next, we discuss the gauge boson Z associated with U (1) B−2Le−Lτ . Its decay branching ratios are flavor-dependent, which makes it quite easy to distinguish from the flavor-universal ones, such as Z from [84] . Considering the heavy Z limit, its partial decay width into fermion and scalar pairs are given by
where N f C is the number of colours of the fermion f , i.e., N l,ν C = 1, N q C = 3, and Q X is the U (1) B−2Le−Lτ charge of particle X. In Tab. III, we present the branching ratio of Z . The dominant channel is Z → e + e − with branching ratio of 0.308, and no Z → µ + µ − . The B − 2L e − L τ nature of Z predicts definite relation between quark and lepton final states, e.g.,
which is also an intrinsic property to distinguish Z of U (1) B−2Le−Lτ from other flavored gauge bosons [85] .
In the framework of U (1) B−2Le−Lτ , one important constraint on Z comes from the precise measurement of four-fermion interactions at LEP [86] , which requires
Since Z couples to both quarks and leptons, the most promising signature at LHC is the dilepton signature pp → Z → e + e − . Searches for such dilepton signature have been performed by ATLAS [70] and CMS collaboration [87] . Because of no Z → µ + µ − channel, we can only take the results from CMS, which provides a limit on the ratio
The theoretical cross section of the dilepton signature are calculated by using MadGraph5 aMC@NLO [88] .
Left pattern of Fig. 9 shows that the dilepton signature has excluded M Z 2.2(4.0) TeV for g = 0.1(0.5).
Then comparing the theoretical ratio with experimental limit, one can acquire the exclusion limit in the g − M Z plane as shown in right pattern of Fig. 9 . Obviously, LHC limit is more stringent than LEP when
The inert charge scalars η ± 1,2 are also observable at LHC. They can decay into charged leptons and right-hand singlets via the Yukawa interactions as
From Eq. (10), we aware that η [71] has been shown in right pattern of Fig. 7 . To satisfy the direct LHC search bounds, one needs either
IV. CONCLUSION
The scotogenic model is an elegant pathway to explain the origin of neutrino mass and dark matter.
Meanwhile, texture-zeros in neutrino mass matrix provide a promising way to under stand the leptonic flavor structure. Therefore, it is appealing to connect the scotogenic model with texture-zeros. In this paper, we propose a viable approach to realise two texture-zeros in the scotogenic model with flavor dependent U (1) B−2Lα−L β gauge symmetry. These models are extended by two right-handed singlets N Ri and two inert scalar doublets η i , which are odd under the dark Z 2 symmetry. Six kinds of texture-zeros are realised in our approach, i.e., texture • The ratios of corresponding Yukawa couplings are also predicted by neutrino oscillation data, e.g.,
: f e2 h µ1 0.745 : 0.933 : 0.401.
• Due to specific Yukawa structure, the LFV process µ → eγ is missing at one-loop level. Meanwhile, large cancellations are possible for τ → µγ and τ → eγ with degenerate right-handed singlets. More stringent constraint comes from muon anomalous magnetic moment ∆a µ . Although O(1) Yukawa couplings are easily to avoid such limit.
• Satisfying all constraints, correct relic density of dark matter N 1 is achieved for M N 1 M η < 500
GeV with h µ1 1 or M η > 500 GeV with h µ1 > 1.As for direct detection, we have shown that the predicted spin-independent DM-nucleon cross section σ SI with sin α = 0.1 satisfies the current XENON1T limit, but is within future reach of LZ.
• The massless Mojoron J contributes to invisible decay of SM Higgs. The additional scalr singlet H 1 can be probe in the channel gg → H 1 → W + W − , ZZ at LHC. Decays of charged scalars η • The neutral gauge boson Z is promising via the di-electron signature pp → Z → e + e − . Its In a nutshell, the scotogenic model with flavor dependent U (1) B−2Lα−L β symmetry predicts distinct and observable phenomenology, which is useful to distinguish from other models.
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